Introduction
============

Non-alcoholic fatty liver disease (NAFLD) is a kind of clinical syndrome characterized by fatty degeneration in liver histology. NAFLD is closely related to the metabolic diseases, such as type 2 diabetes mellitus, insulin resistance and obesity, of which insulin resistance is the common pathophysiological basis ([@b1-etm-0-0-5753]). Previous findings showed that NAFLD may increase the risks of type 2 diabetes mellitus and its complications in patients ([@b2-etm-0-0-5753]). Additional findings revealed that the prevalence and mortality rates of NAFLD in patients with type 2 diabetes mellitus were also significantly higher ([@b3-etm-0-0-5753]). According to the National Health and Nutrition Examination Survey in the United States, the independent risk factors of NAFLD include insulin resistance and type 2 diabetes mellitus, which collectively contribute towards an increase in the mortality risks of NAFLD ([@b4-etm-0-0-5753]). Chemerin is a kind of newly-discovered adipocytokine, which is closely associated with the occurrence of metabolic diseases, such as type 2 diabetes mellitus, obesity and metabolic syndrome ([@b5-etm-0-0-5753],[@b6-etm-0-0-5753]). The present study aimed to investigate the correlation of blood glucose, serum chemerin and insulin resistance with concurrent NAFLD in patients with type 2 diabetes mellitus by comparing changes in blood glucose, serum chemerin and insulin resistance, between patients with type 2 diabetes mellitus and patients with type 2 diabetes mellitus complicated by NAFLD. Furthermore, the present study also focused on the changes in blood glucose, serum chemerin and insulin resistance, among patients with NAFLD in different degrees in order to provide a basis for the comprehensive treatment and prevention of associated pathological states at moderate NAFLD stage.

The prime advantage of the present study was the novel reference standards in terms of blood glucose, serum chemerin and insulin resistance for the timely assessment of NAFLD at variable stages (mild, moderate and severe). NAFLD at mild or moderate stages is more of lifestyle prone pathological state. At the mild stage of NAFLD, it is likely that the disease may be reversed through a proper diet plan and physical activities. In this manner, the prevention of NAFLD at mild/moderate levels may indirectly help to prevent more deadly pathological states such as metabolic syndrome, diabetes and cardiac disorders. Thus, the study opens new gates of rapid assessment of NAFLD at the mild/moderate stage to ensure patients are adequately informed regarding sever consequences of the disease in future.

Materials and methods
=====================

### General materials

In total, 300 patients with type 2 diabetes mellitus treated and admitted into the Endocrinology Department of the The Affiliated Hospital of Jining Medical University (Shandong, China) from June 2015 to June 2017 were included in the present study. The diagnostic criteria of type 2 diabetes mellitus were based on the WHO diagnostic criteria of diabetes mellitus in 1998 ([@b7-etm-0-0-5753]), i.e., fasting blood glucose ≥7.0 mmol/l, or typical symptoms of diabetes mellitus with random blood glucose ≥11.1 mmol/l, or 2 h blood glucose in glucose tolerance test ≥11.1 mmol/l. All the patients enrolled were aged 30--70 years. Exclusion criteria for the study were: i) patients with type 1 diabetes mellitus, gestational diabetes, diabetic ketoacidosis, hyperglycemic hyperosmolar status, severe peripheral neuropathy, severe peripheral vascular disease, acute infection or other severe diabetic complications; ii) patients with viral hepatitis, alcoholic hepatitis, drug-induced hepatitis or autoimmune hepatitis; iii) patients with hepatic or renal dysfunction, cancer or mental disease. The study was approved by the Ethics Committee of The Affiliated Hospital of Jining Medical University (Shandong, China) and written informed consents were signed by the patients and/or guardians.

### Grouping

According to whether they were complicated by NAFLD, the 300 patients were divided into the simple type 2 diabetes mellitus (group A, n=80) and concurrent NAFLD (group B, n=220) groups. Diagnostic criteria of NAFLD were ([@b8-etm-0-0-5753]): i) patients with a history of heavy drinking, or weekly alcohol intake \<140 g in males and \<70 g in females; ii) patients with viral, drug-induced or autoimmune hepatitis, cirrhosis, hepatolenticular degeneration, total parenteral nutrition or other disease that induces fatty liver disease; iii) pathological changes in liver biopsy meet the pathological criteria of fatty liver disease. According to the color Doppler imaging of fatty liver, the NAFLD patients were subdivided into the mild fatty liver (group B1), moderate fatty liver (group B2) and severe fatty liver (group B3) groups. The specific ultrasound findings were: i) the near-field echo in hepatic region was enhanced in a diffused mode compared with kidney and spleen, while the far-field echo was attenuated; ii) the edge angle of liver was blunt with mild to moderate enlargement; iii) intrahepatic duct had an unclear structure; iv) intrahepatic blood flow signal was reduced, but the intrahepatic blood vessel direction remained normal; and v) the echoes in the hepatic diaphragm and right lobe membrane were uneven. Patients with the manifestation i) and any one of manifestations ii-iv) were diagnosed as mild fatty liver; those with the manifestation i) and any two of manifestations ii-iv) were diagnosed as moderate fatty liver; those with the manifestations i) and v) and any two of the manifestations ii-iv) were diagnosed as severe fatty liver. Finally, there were 84 cases in group B1, 75 cases in group B2 and 61 cases in group B3.

### Collection of clinical data

The age, sex, past medical history, medication history, height, body weight and blood pressure of patients were collected. In addition, the body mass index was calculated \[BMI = body weight (kg)/height (m^2^)\].

### Collection of blood samples

Three samples of fasting venous blood were collected from the patients in the early morning at 2 days (3 ml/copy). Two of the three samples received a biochemical analysis and fasting insulin (FINS) detection in the Laboratory Department of our hospital. Serum was separated from an additional 1 sample and stored in a refrigerator at −80°C for the detection of chemerin. Venous blood (3 ml) was collected at 2 h after meals for the detection of 2 h post-prandial plasma glucose (2hPG).

### Detection of indexes

The biochemical indexes, FINS and 2hPG were detected using the Roche Cobas-8000 automatic biochemical analyzer (Roche Diagnostics, Basel, Switzerland). The serum chemerin level was measured using the ELISA kit (R&D Systems, Minneapolis, MN, USA). After the loading and treatment according to the instructions of kit, the optical density (OD) value at 450 nm was measured using the continuous wavelength multi-functional microplate reader (Tecan, Grödig, Austria), the standard curve was drawn, and the chemerin content in each sample was calculated. The insulin resistance of patients was evaluated via the homeostasis model assessment of insulin resistance (HOMA-IR): HOMA-IR = fasting plasma glucose (FPG) (mmol/l) × FINS (mIU/l)/22.5. Pancreatic β-cell function was evaluated via HOMA-β: HOMA-β = FINS (mIU/l) × 20/\[FPG (mmol/l)-3.5\].

### Statistical analysis

Statistical analysis was performed using SPSS 19.0 software (IBM Corp., New York, NY, USA). Measurement data were presented as mean ± SD. An independent-samples t-test was used for the comparison between two groups, and Kruskal-Wallis test for the comparisons among the groups. The Chi-square test was used for the comparisons of enumeration data. The correlation analysis of risk factors of concurrent NAFLD was performed via logistic regression analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparisons of clinical data and blood biochemical indexes between groups A and B

BMI, FPG, 2hPG, triglyceride (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-c), and alanine aminotransferase (ALT) in group B were significantly higher than those in group A, and the differences were statistically significant (P\<0.05 or P\<0.01). There were no significant differences in sex ratio, age, systolic pressure, diastolic pressure, high-density lipoprotein cholesterol (HDL-c) and aspartate aminotransferase (AST) between the two groups (P\>0.05) ([Table I](#tI-etm-0-0-5753){ref-type="table"}).

### Comparisons of pancreatic β-cell function and insulin resistance between groups A and B

FINS, HOMA-IR and HOMA-β in group B were significantly higher than those in group A, and the differences were statistically significant (P\<0.05 or P\<0.01) ([Table II](#tII-etm-0-0-5753){ref-type="table"}).

### Comparison of serum chemerin level between groups A and B

The serum chemerin level in group B was significantly increased compared with that in group A, and the difference was statistically significant (P\<0.01) ([Fig. 1](#f1-etm-0-0-5753){ref-type="fig"}).

### Comparisons of clinical data and blood biochemical indexes in patients with fatty liver in different degrees

Patients in group B were divided and compared according to the different degrees of fatty liver. The results showed that the BMI, FPG, 2hPG, TG, TC and LDL-2 in groups B2 and B3 were significantly increased compared with those in group B1, and ALT in group B3 was significantly increased, with the differences being statistically significant (P\<0.05 or P\<0.01). The BMI, FPG, TC, LDL-c and ALT in group B3 were obviously higher than those in group B2, and the differences were statistically significant (P\<0.05 or P\<0.01) ([Table III](#tIII-etm-0-0-5753){ref-type="table"}).

### Comparisons of pancreatic β-cell function and insulin resistance among patients with fatty liver in different degrees

Patients in group B were divided and compared according to the different degrees of fatty liver. The results showed that the FINS and HOMA-IR in groups B2 and B3 were significantly increased, but HOMA-β was significantly decreased compared with those in group B1, and the differences were statistically significant (P\<0.05 or P\<0.01). HOMA-IR in group B3 was obviously higher than that in group B2, and the difference was statistically significant (P\<0.01) ([Table IV](#tIV-etm-0-0-5753){ref-type="table"}).

### Comparison of serum chemerin level among patients with fatty liver in different degrees

Patients in group B were divided and compared according to the different degrees of fatty liver. The results showed that the serum chemerin levels in groups B2 and B3 were significantly higher than that in group B1, and the serum chemerin level in group B3 was obviously higher than that in group B2, and the differences were statistically significant (P\<0.05 or P\<0.01) ([Fig. 2](#f2-etm-0-0-5753){ref-type="fig"}).

### Logistic regression analysis of risk factors of concurrent NAFLD

The risk factors were analyzed via binary logistic regression with the fatty liver as a dependent variable and with the sex, age, BMI, systolic pressure, diastolic pressure, FPG, 2hPG, TG, TC, LDL-c, HDL-c, ALT, AST, FINS, HOMA-IR, HOMA-β and chemerin as the independent variables. The results revealed that BMI, FPG, TC, LDL-c, FINS, HOMA-IR and chemerin were independent risk factors of type 2 diabetes mellitus complicated by NAFLD ([Table V](#tV-etm-0-0-5753){ref-type="table"}).

Discussion
==========

Non-alcoholic fatty liver disease (NAFLD) mainly occurs in the liver lobules, manifested as the fatty degeneration of liver cells and fatty accumulation of liver ([@b8-etm-0-0-5753]). The current incidence rate of NAFLD is up to 5--40% in Asian countries, while it is up to 24--42% in Western countries, becoming a factor seriously harming the public health worldwide ([@b9-etm-0-0-5753]). NAFLD is a pathological process of excessive fatty accumulation caused by a variety of factors. At present, the pathogenesis of NAFLD remains unclear, and most scholars believe that its pathogenesis is related to the 'two-hit theory' ([@b10-etm-0-0-5753]). It is often believed that the action of heredity, drug, diabetes mellitus, obesity, lipid metabolism disorders and other factors leads to the excessive secretion of insulin, causing insulin resistance and resulting in increased fat in liver and mitochondrial dysfunction in liver cells, ultimately causing the first hit. Subsequently, the fatty degeneration of liver cell is induced, which decreases the cell viability and increases the intracellular oxidative metabolites, leading to the liver cell oxidative stress, ultimately causing the second hit. Finally, a series of inflammatory responses, necrosis and fibrosis occur in liver cells ([@b11-etm-0-0-5753],[@b12-etm-0-0-5753]).

Previous findings have shown that up to 50% of patients with type 2 diabetes mellitus are complicated by NAFLD, whereas the incidence rate of NAFLD is as high as 100% in patients with diabetes mellitus complicated by obesity ([@b13-etm-0-0-5753]). From the perspective of NAFLD, at least one third of NAFLD patients are complicated by diabetes mellitus and NAFLD can induce or aggravate insulin resistance in patients ([@b14-etm-0-0-5753]). It was found in a follow-up observation for patients with type 2 diabetes mellitus that NAFLD can increase the risk of cardiovascular diseases 2-fold, and it is speculated that NAFLD is also an independent risk factor of cardiovascular disease in patients with type 2 diabetes mellitus ([@b15-etm-0-0-5753]). Another study also found that NAFLD can increase the risk of complications, such as diabetic nephropathy and diabetic retinopathy, and it can be used as an independent risk factor ([@b16-etm-0-0-5753]). In this study, it was also found that 73% of patients with type 2 diabetes mellitus are complicated by NAFLD; thus, NAFLD is closely associated with the type 2 diabetes mellitus.

The close association between NAFLD and type 2 diabetes mellitus lies in that they have a common pathogenesis, insulin resistance ([@b17-etm-0-0-5753]). NAFLD can reduce the inhibitory effect of insulin in the body on endogenous glucose production, and reduce the body\'s insulin sensitivity, making it difficult to control blood glucose in patients with type 2 diabetes mellitus ([@b18-etm-0-0-5753]). In a study involving 2,839 patients with type 2 diabetes mellitus, the level of glycosylated hemoglobin in patients complicated by NAFLD was significantly increased compared with that in patients with simple diabetes mellitus, and the proportion of patients using insulin was also significantly increased ([@b19-etm-0-0-5753]). Kelley *et al* ([@b20-etm-0-0-5753]) identified that the HOMA-IR level in patients with type 2 diabetes mellitus complicated by NAFLD is significantly higher than that in patients with simple type 2 diabetes mellitus, and it can be seen that more serious insulin resistance exists in type 2 diabetes mellitus complicated by NAFLD. In this study, BMI, FPG, 2hPG, TG, TC, LDL-c, FINS and HOMA-IR in patients with type 2 diabetes mellitus complicated by NAFLD were significantly increased compared with those in patients with simple type 2 diabetes mellitus, whereas the pancreatic β-cell function was significantly decreased. The higher the levels of BMI, FPG, 2hPG, TG, TC, LDL-c, FINS and HOMA-IR were and the lower the pancreatic β-cell function was, the more severe was the NAFLD. Logistics regression analysis further confirmed that BMI, FPG, TC, LDL-c, FINS and HOMA-IR were independent risk factors of type 2 diabetes mellitus complicated by NAFLD.

Chemerin is a newly-discovered adipocytokine with a relative molecular mass of 16,000, and consisting of 163 amino acid residues, which is expressed in white adipose tissues, liver, lung and kidney ([@b21-etm-0-0-5753]). Chemerin can affect the insulin receptor signaling pathway, lead to insulin resistance or aggravate the body\'s original insulin resistance ([@b5-etm-0-0-5753]). Lehrke *et al* ([@b22-etm-0-0-5753]) revealed that the level of chemerin is increased in adipocytes, which can activate serine/threonine kinases, thereby reducing the tyrosine phosphorylation, inhibiting the translocation of glucose 4, and causing insulin resistance in adipocytes. Zhuang *et al* ([@b23-etm-0-0-5753]) found that the serum chemerin level in NAFLD patients was significantly higher than that in healthy individuals, but was significantly decreased following treatment with metformin, suggesting that the occurrence of NAFLD is closely associated with the serum chemerin level, as well as insulin resistance. Another study on a Caucasian population found that the serum metabolin level was significantly increased in populations with risk factors of metabolic syndrome ([@b24-etm-0-0-5753]). In this study, it was found that the level of serum chemerin in patients with type 2 diabetes mellitus complicated by NAFLD was significantly increased compared with that in patients with simple type 2 diabetes mellitus, and the higher the serum chemerin level, the more severe the NAFLD was. Logistics regression analysis also further confirmed that chemerin was an independent risk factor of type 2 diabetes mellitus complicated by NAFLD.

The present study concludes that chemerin is a novel molecule that is useful in the timely assessment of NAFLD as it was clearly observed that, the higher the serum chemerin level was, the more sever NAFLD was. Timely assessment of NAFLD at a mild or moderate stage was reversed by appropriate changes in the lifestyle of the patients such as physical activities and proper diet. The reversal of NAFLD in this manner could in turn indirectly prevent the occurrence of deadly pathological states including type 2 diabetes. To the best of our knowledge, this is the first study to offer a novel form of assessment of NAFLD at the mild stage. Future studies with higher sample size are required for more concrete conclusions.
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###### 

Comparisons of clinical data and blood biochemical indexes between groups A and B.

  Item                 Group A        Group B
  -------------------- -------------- ----------------------------------------------------------
  Sex (male/female)    49/31          136/84
  Age                  42.56±5.03     43.21±6.47
  BMI                  24.49±2.89     26.77±2.65^[a](#tfn1-etm-0-0-5753){ref-type="table-fn"}^
  Systolic pressure    123.20±17.23   127.04±20.66
  Diastolic pressure   78.13±9.41     79.65±10.82
  FPG                  8.55±3.28      12.93±3.50^[b](#tfn2-etm-0-0-5753){ref-type="table-fn"}^
  2hPG                 12.81±4.16     16.68±4.24^[a](#tfn1-etm-0-0-5753){ref-type="table-fn"}^
  TG                   2.56±1.05      3.44±0.94^[a](#tfn1-etm-0-0-5753){ref-type="table-fn"}^
  TC                   4.72±1.20      5.81±1.43^[a](#tfn1-etm-0-0-5753){ref-type="table-fn"}^
  LDL-c                2.48±0.83      3.53±0.77^[b](#tfn2-etm-0-0-5753){ref-type="table-fn"}^
  HDL-c                1.20±0.32      1.06±0.28
  ALT                  26.55±8.08     33.42±7.69^[a](#tfn1-etm-0-0-5753){ref-type="table-fn"}^
  AST                  22.31±9.74     27.50±8.63

P\<0.05

P\<0.01, compared with group A.

###### 

Comparisons of pancreatic β-cell function and insulin resistance between groups A and B.

  Item      Group A      Group B
  --------- ------------ ----------------------------------------------------------
  FINS      12.57±5.34   15.21±5.81^[a](#tfn3-etm-0-0-5753){ref-type="table-fn"}^
  HOMA-IR   4.80±1.86    8.72±3.03^[b](#tfn4-etm-0-0-5753){ref-type="table-fn"}^
  HOMA-β    48.72±9.29   32.38±8.62^[b](#tfn4-etm-0-0-5753){ref-type="table-fn"}^

P\<0.05

P\<0.01, compared with group A.

###### 

Comparisons of clinical data and blood biochemical indexes among patients with fatty liver in different degrees.

  Item                 Group B1       Group B2                                                   Group B3
  -------------------- -------------- ---------------------------------------------------------- -------------------------------------------------------------------------------------------------------
  Sex (male/female)    52/32          46/29                                                      38/23
  Age                  42.83±6.58     43.36±6.13                                                 43.45±6.69
  BMI                  24.81±2.77     26.63±2.41^[a](#tfn5-etm-0-0-5753){ref-type="table-fn"}^   28.89±2.76^[b](#tfn6-etm-0-0-5753){ref-type="table-fn"},[c](#tfn7-etm-0-0-5753){ref-type="table-fn"}^
  Systolic pressure    125.62±21.63   126.45±19.32                                               129.03±21.00
  Diastolic pressure   77.66±11.48    81.07±10.99                                                80.24±9.98
  FPG                  10.07±3.09     13.10±3.77^[a](#tfn5-etm-0-0-5753){ref-type="table-fn"}^   15.62±3.65^[b](#tfn6-etm-0-0-5753){ref-type="table-fn"},[c](#tfn7-etm-0-0-5753){ref-type="table-fn"}^
  2hPG                 13.50±4.02     17.56±4.33^[a](#tfn5-etm-0-0-5753){ref-type="table-fn"}^   18.97±4.35^[a](#tfn5-etm-0-0-5753){ref-type="table-fn"}^
  TG                   3.15±1.00      3.50±0.85^[a](#tfn5-etm-0-0-5753){ref-type="table-fn"}^    3.63±0.98^[a](#tfn5-etm-0-0-5753){ref-type="table-fn"}^
  TC                   4.94±1.26      5.62±1.50^[a](#tfn5-etm-0-0-5753){ref-type="table-fn"}^    6.88±1.52^[b](#tfn6-etm-0-0-5753){ref-type="table-fn"},[c](#tfn7-etm-0-0-5753){ref-type="table-fn"}^
  LDL-c                2.71±0.85      3.47±0.74^[b](#tfn6-etm-0-0-5753){ref-type="table-fn"}^    4.42±0.73^[b](#tfn6-etm-0-0-5753){ref-type="table-fn"},[d](#tfn8-etm-0-0-5753){ref-type="table-fn"}^
  HDL-c                1.14±0.27      1.04±0.25                                                  1.01±0.31
  ALT                  29.08±7.44     32.71±7.70                                                 38.46±7.94^[a](#tfn5-etm-0-0-5753){ref-type="table-fn"},[b](#tfn6-etm-0-0-5753){ref-type="table-fn"}^
  AST                  25.90±8.59     27.19±8.42                                                 29.42±8.87

P\<0.05

P\<0.01, compared with group B1

P\<0.05

P\<0.01, compared with group B2.

###### 

Comparisons of pancreatic β-cell function and insulin resistance among patients with fatty liver in different degrees.

  Item      Group B1     Group B2                                                   Group B3
  --------- ------------ ---------------------------------------------------------- ---------------------------------------------------------------------------------------------------------
  FINS      12.83±5.17   15.06±5.52^[a](#tfn9-etm-0-0-5753){ref-type="table-fn"}^   17.75±6.73^[a](#tfn9-etm-0-0-5753){ref-type="table-fn"}^
  HOMA-IR   5.75±2.84    8.77±3.11^[a](#tfn9-etm-0-0-5753){ref-type="table-fn"}^    12.30±3.15^[b](#tfn10-etm-0-0-5753){ref-type="table-fn"},[c](#tfn11-etm-0-0-5753){ref-type="table-fn"}^
  HOMA-β    39.04±9.30   31.38±8.41^[a](#tfn9-etm-0-0-5753){ref-type="table-fn"}^   29.28±8.18^[a](#tfn9-etm-0-0-5753){ref-type="table-fn"}^

P\<0.05

P\<0.01, compared with group B1

P\<0.01, compared with group B2.

###### 

Logistic regression analysis of risk factors of concurrent NAFLD.

  Independent variable   B-value   Wald   P-value   OR     95% confidence interval (CI)
  ---------------------- --------- ------ --------- ------ ------------------------------
  BMI                    0.83      4.12   0.035     1.15   0.78--1.66
  FPG                    1.12      7.66   0.004     2.87   1.23--5.64
  TC                     0.72      3.44   0.042     0.95   0.67--1.50
  LDL-c                  0.86      4.30   0.029     1.24   0.85--1.82
  FINS                   1.05      6.53   0.010     2.12   1.11--4.97
  HOMA-IR                1.25      8.81   0.001     3.06   1.34--6.11
  Chemerin               0.78      3.81   0.038     1.02   0.71--1.59

[^1]: Contributed equally
